Multi-touch technology provides users with a more intuitive way of interaction. However, pre-kindergarten children, a growing group of potential users, have problems with some basic gestures according to previous studies. This is particularly the case of the double tap and long pressed gestures, which have some issues related to spurious entry events and time-constrained interactions, respectively. In this paper, we empirically test specific strategies to deal with these issues by evaluating off-the-shelf implementations of these gestures against alternative implementations that follow these guidelines. The study shows that the implementation of these design guidelines has a positive effect on success rates of these two gestures, being feasible their inclusion in future multi-touch applications targeted at pre-kindergarten children.
INTRODUCTION
Multi-touch technology provides users with a more intuitive way of interaction [8] and, nowadays, it is widespread accepted. This fact has boosted a new approach to developing applications for children. As pointed out in [7] , children between zero and eight years old are frequent users of digital media in the USA.
Recent work in [6] presented an empirical evaluation of a set of multi-touch gestures and their suitability for children between two and three years. This work pointed out that some basic interactions (e.g. tap, drag, scale up, scale down and one finger rotation) can be performed effectively and could, therefore, be included in educational applications for pre-kindergarten children. However, it also revealed some issues with the long pressed and double tap gestures because fine motor skills are still under development at this early age and because of the cognitive complexity of some interactions. Firstly, in the long pressed gesture, the spurious initial or entry dragging events produced by the lack of precision of pre-kindergarteners prevent the system from detecting the gesture. Secondly, in the double tap gesture the standard time required between taps is much shorter than the actual pace at which pre-kindergarteners are able to perform. Authors of this previous work stated a set of design guidelines to deal with, among others, these specific issues. Regarding the spurious entry events in the case of the long pressed gesture, we consider in this work a filtering process to ignore these initial dragging events. On the other hand, we can adjust the required speed for the double tap interaction to the actual ability of the target user. This paper addresses the evaluation of these two assisted strategies for pre-kindergarteners to validate empirically their effectiveness.
RELATED WORK
There are some interesting studies targeted at children that focus on the direct manipulation interaction style and direct touch. For instance, the works in [1] and [9] involved subjects aged between 3 and 6, and between 9 and 11, respectively, in testing the use of the stylus for learning purposes. They concluded that the stylus interaction had a shorter learning period and other advantages over the traditional mouse and keyboard alternatives.
The differences between single-touch and multi-touch interaction were analyzed in [2] for 7 to 10 year-old children's groups. Results pointed out that although touch did not have an effect in the interaction in terms of frequency or equity, it did influence the communication of subjects and encouraged them to talk to each other about their collaborative actions.
There are several studies that have addressed the different issues affecting multi-touch interaction with adult users [3, 4, 5] . However, these users under normal conditions are not affected by entry precision problems or cognitivemotor issues as pre-kindergarteners are.
EXPERIMENTAL STUDY
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 Do the implemented assisted strategies for the gestures under study (i.e. long pressed and double tap) have a positive effect on pre-kindergarteners´ performance?  In the specific case of the gestures following the design guidelines, is there a significant relationship between gesture performance and gender or age group?
In order to answer these questions we need to contrast the implemented gestures following the design guidelines against their baseline implementations without guidelines, i.e., applied as provided by current OS runtimes (e.g. Android). To this purpose, we took the existing dataset from [6] , which already evaluated both the success rate and the completion time for the baseline implementation, and then we carried out an experiment that follows the same procedure to collect the data observations with the implementation of the assisted gestures.
Participants
Thirty-two children aged between twenty-two and forty-six months took part in the experiment of the two gestures with design guidelines (Mean (M) = 31.31, Standard Deviation (SD) = 6.25). The genders of the children were balanced. Parental authorization was obtained before carrying out the study. The children were divided, as in the previous study [6] , into two age groups: 22 to 30 months and 31 to 46 months, with 8 males and 8 females per group.
Apparatus
The interaction framework for the experiment was implemented in Java using JMonkeyEngine SDK v.3.0beta. The devices used for the experiment were a Motorola MZ601 and a Samsung Galaxy Note 10.1 tablet with Android 3.2 both with capacitive multi-touch screens.
Tasks

Long Pressed
A static image of an animal appears in a random position on the screen (see Figure 1 ). Participants are requested to carry out a long pressed gesture on the target image until the target disappears. The task will succeed when the participants put their finger in the target image and hold it at least 500 milliseconds. The implemented design guideline consists of a filtering process for ignoring the spurious undesired interaction events that may occur at the beginning of the gesture. The filtering ignores any short drag gesture (less than 1 cm) around the first initial contact point.
Double Tap
A static image of an animal appears in a random position on the screen (see Figure 1 ). Participants are requested to double tap on the target image with one finger in order to pass the test.
The default allowed interval for the double tap gesture in Android devices is 300 milliseconds. Therefore, we have considered as a design guideline higher time intervals up to 2000 milliseconds to study their impact on the success rate for this gesture.
Procedure
For each task, the children participated in a 5-minute learning session with an instructor. Then, the experimental platform asked them to perform the task with no external adult intervention. They had to perform three repetitions of each gesture as described in the Tasks section. When the gesture was successfully completed, the platform gave a positive audiovisual feedback. If the instructor observed that the participant did not carry out the task in a given time, it was marked as undone and the child went on to the next one.
For each interaction, the system recorded the start time (seconds needed to go into action after the visual stimulus was shown), completion time (milliseconds until the gesture was completed), success (performed correctly or incorrectly), and in the case of the double tap gesture, the time elapsed between taps. Additional notes were taken by an external observer during the experimental sessions to register any incidental information that could be worth discussing later.
RESULTS
Assisted vs non-Assisted Interaction
In the following, we will refer to the technique in which the design guidelines were implemented as "assisted" interaction. We will contrast these data against the dataset provided by the authors of [6] , to which we will refer as "non-assisted" interaction.
Success Rate
In order to aggregate the success variable over the three repetitions, if a participant performed successfully either zero or one tests in a specific task, they were considered incapable of performing it. On the other hand, if they successfully performed two or three tests in a specific task, According to this codification, the success rate in the long pressed task can be expressed as a percentage, as shown in Table 1 for each task and technique. Additionally, to enable a fine-grained analysis of this variable when considering the double tap gesture, we have studied how the success rate would be for different maximum allowed times between consecutive taps as shown in Figure 2 .
Figure 2. Success rate by maximum allowed time between taps in milliseconds
As hypothetized, the implementation of assisted techniques following the suggested guidelines increases the success rate for both gestures. A Pearson's chi-squeare test showed that there is a significant strong relationship between the carried out technique and the success rate for the long pressed task (Pearson χ2 (1, N = 64) =12.650, p<0.001). Regarding the double tap task, the minimum time interval between taps for which we found significant differences in the variable success rate between techniques was 1200 milliseconds (χ2 (1, N = 64) =3.925, p=.048). If lower intervals are considered, the success rates obtained are not significantly different from the ones obtained with the Android standard 300ms interval. Higher intervals do not provide significantly better success rates.
Completion Time
The average of each subject's successful tasks is used to obtain the average completion time (see Table 2 The assisted techniques took less time to complete with respect to the baseline implementation, although differences were not found statisically significant. In this regard oneway between-subject ANOVAs with the independent variable technique and the dependent variable completion time demonstrated that there is not a significant main effect of the technique for neither the long pressed (F(1, 54) = .584, p = .448) nor the double tap task (F(1, 52) = 3.393, p = .071).
Age and Gender Influence
As it was previously stated, we are also interested in knowing whether the implemented design guidelines have a different effect in the response variables (success rate and completion time) with respect to age or gender. This is interesting given that a prior study [6] found that only age has an effect on completion time for the double tap with no assisted implementation, and that there are no significant differences on the success rate by age or gender.
Success Rate
No significant differences on the sucess rate for both tasks were found by either age or gender. This is comfirmed by the Pearson's chi-square tests on the long pressed success rate by the gender factor (χ2 (1, N = 32) =0.368, p=.544) or by the age group factor (χ2 (1, N = 32) =3.310, p=.069); as well as on the double tap success rate by gender (χ2 (1, N = 32) =0.237, p=.626) and age group factor (χ2 (1, N = 32) =2.133, p=.144).
Completion Time
In this respect, older children performed significantly faster only with the long pressed gesture. No other effects were found significant for any gesture and factor. Specifically, a two-way between-subjects ANOVA on the completion time for the long pressed task revealed a significantly main effect of the age group factor (F(1, 31) = 8.751, p = .006).
Completion time doubled for the youngest group on average (M young =11.1s and M old =5.2s). There was no significant main effect of the gender factor (F(1, 31) = 0.559, p = .461).
The corresponding analogous statistical analysis for the double tap task did not revealed significant main effects of age group (F(1, 28) = 0.135, p = .717) or gender (F(1, 28) = 0.017, p = .897).
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DISCUSION AND CONCLUSIONS
The design guideline implemented for the long pressed gesture comprises a filtering process to ignore initial dragging events that are produced as a consequence of a motor precision problem which was identified in previous experiments. The results show a statistically significant better success rate (90.62%) when the filtering is applied than the one observed in previous experiments without filtering (50%). The improved success rate when the filtering is applied is not affected by age and gender. Moreover, the average completion time when the filtering is applied is not significantly different from the completion time obtained without filtering. However, as it was the case when no filtering was present, younger children need a significantly higher time to complete the task than older ones. This is because younger children are less precise and perform significantly more undesired dragging events that are larger than 1cm in size. These were not removed by the implemented filter, forcing users to restart the interaction. These very young users would need a filtering process coping with larger undesired dragging events. Nevertheless, this may result problematic for interactive objects that may accept both long pressed and dragging events because dragging operations would not start until the size threshold of the filter would be surpassed.
The design guideline for the double tap gesture proposes the implementation of an extended time interval between consecutive taps. The results show that, if the default time interval between taps for Android devices (300ms) is increased to 1200ms, we obtain significantly better success rates (62% success @300ms versus 84.38% success @1200ms on average). Smaller time intervals do not provide significantly better success rates when compared to the default Android time interval. The improved success rate, when the new 1200ms time interval is used, is independent of age and gender. In addition, the results show that the completion time for this task has no significant main effects of age or gender. However, it is worth mentioning that we have carried out additional trials considering external stimuli to motivate children to interact quicker (i.e. encouraging them to go beyond their natural pace). These preliminary tests suggest that it is possible to obtain faster successful double tap interactions (a success rate of 91.67% with a 600ms gap) in the presence of adults motivating pre-kindergarteners. This will be the subject of a future experimental design considering factors such as age, gender, source (human or computer) type and intensity of the stimuli. It must also be taken into account that these stimuli may have some counter effects that have already been observed such as subjects performing more than two taps in the presence of stimuli or increased stress levels when children are continuously encouraged to perform faster than their natural pace.
To sum up, the obtained results demonstrate that the inclusion of the proposed design guidelines make these two gestures more feasible for pre-kindergarten children. These two gestures (double tap and long pressed) complete now the previous set [6] of feasible gestures (tap, drag, scale-up, scale-down and one-finger rotation) that may be effectively performed in this early age range, what contributes to the continuous enhancement of assisted techniques for this challenging target user group of very young children.
